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Chapter 1: Introduction
Sponsor Background and Needs
Aeroponic and hydroponic plant growers have problems controlling the
conditions in which the plant grows. Currently when a growth system fails the user may
be unaware of the problem and could lose the plant. Also, when a successful crop is
grown users often have difficulty recreating the growth conditions needed to repeat the
output. The goal of our project is to design and build a user-friendly system that allows
for control and management of the plant’s root zone environment along with a failsafe
system that will back-up the primary system in case of failure.
This system is being designed for AliGroWorksUSA, Inc. with the target market
ranging from the most experienced horticulturalist to beginner growers. We want our
product to attract those individuals who want the ability to “pamper their plants.” Most
of the hydroponic and aeroponic systems currently in use are only for mass growing of
plants. This product will be a stand-alone system designed to house a single plant. But
for those interested in the product for investment purposes the system will be designed
to have the ability to be implemented with other AliGroWorksUSA products that would
allow for mass growing of plants.
The system will take the housing of a current self-watering design and
implement all of the characteristics that would be needed to make the automated
aeroponic/hydroponic plant pot. The system will have an aeroponic system to be the
primary source of nutrient delivery to the root zone, with a hydroponic system to act as
an emergency back-up system.
Modifications to the housing will need to be done in order to incorporate
multiple tubes, including tubes for water inlet, a water outlet, along with tubing for any
electronic wiring. There will also be a separate compartment that we would need to
construct that would house the electronic components (microprocessor), to protect
from water damage. Sensors will be utilized within the root zone area in a corner or
side wall. For the atomization system, we will be using a centrifugal atomizer and a
pump to get the desired droplet size. This will be placed in a location to optimize
coverage of watering within the roots. The backup system will utilize a hydroponic
system to water the roots without any atomization. The sensors will collect data for the
microprocessor to communicate to the user the conditions of the root zone climate.
These systems will improve the quality, production and ease of plant growing.
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Objectives
The goal of our project is to design and build a user friendly system that allows
for control and management of the plant’s root zone environment along with a failsafe
system that will act as a back-up to the primary system in case of failure. It was
important that we translate the customer’s needs and the needs of our sponsor into
our engineering specifications. Our final device will allow the user to monitor nearly
every aspect of the root zone environment, thus “pampering the plant.”
After talking with our sponsor and brainstorming with each other, we determined
that our device needs to:
● Be primarily aeroponic with a hydroponic backup system
● Monitor temperature, humidity, oxygen levels
● Monitor for failures in the system
● Be relatively easy to use
In analyzing what to incorporate into the design we utilized the Quality Function
Deployment (QFD) method. The idea behind the QFD is to help us incorporate the
customer’s needs into engineering characteristics, and prioritize each of the
characteristics while setting targets for development. The QFD we used can be seen in
Appendix G. By using this approach we are able to gain a better understanding of the
customer’s needs and incorporate them into engineering specifications.
Table 1, below, lists the engineering specifications that we developed to best
meet the customer’s needs. It is a summary of values of our major design parameters.
The requirement/target column lists values which we are trying to achieve in that
specific design specification. The tolerance column lists values which the design
parameter will be acceptable. The risk column denotes how difficult it will be to achieve
that specific parameter, high (H) meaning it will be relatively difficult, and low (L)
meaning it will be fairly easy to achieve. The last column, compliance, is to show how
we will measure if we met the requirements or not. “A” denotes that it will be assessed
by analysis, “T” denotes testing, “S” is for similarity to existing products, and “I” means
it will be assessed by inspection.
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Table 1: Formal Engineering Specifications
Spec
#

Parameter
Description

Requirement or
target

Tolerance

Risk

Compliance

1

Temp control

60-70 °F

± 2 °F

M

S

2

3000 RPM*

Min

H

A, S

3

Centrifugal Atomizer
Motor Speed
Centrifugal Atomizer
Motor Life

2000 hours

Min

H

A,S

5

Cost

See Table 4

max

H

I

6

Size

10x10x15 in

max

M

I

7
8

Atomized Micron Size
Temperature Sensing

50 microns
Report Temperature

max
± 2 °F

H
L

A,S,I
S

9
10
11

Humidity Sensing
Airflow In
Hydroponic Pump Head

Report Humidity
1 Minute Circulation
15 inches

± 2% RH
± 15 sec
min

L
L
L

S
A,T
A,I

12

Hydroponic Pump Heat
Generation

5 °F Rise in Water
Reservoir

max

H

A,S,T

13
Hydroponic Pump Life
1000 hours
min
M
A,S
*Speed calculation based on equation derived for liquid metal. Water properties were used for
calculation but estimates are on high side since equation takes into account only single stage
atomization (no screen or distribution fan).

The “cost” requirement had a high risk because it is strongly dependent on the
materials and equipment we use. The “size” requirement had a medium risk because it
is dependent on the equipment we use as they could individually vary in size from
different manufacturers. Temperature control is also medium as if may be somewhat
difficult to maintain a constant temperature inside the root zone and is crucial to plant
life. Pump and sensor requirements all had low risks; because we believe it will not be
that difficult to meet those specific requirements.
Previously we had plant rotation as a design specification but after further
discussion with our sponsor it was determined that rotation of the plant was no longer
a priority of our project, as rotation is being implemented into another team’s design
and is part of light optimization. We will now be focusing our efforts on optimization of
the root zone.
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Chapter 2: Background
In our research we found many important issues that our product must address
when it comes to general plant care. Our product will focus mainly on the root zone
environment which will need to be controlled throughout plant growth stages. Other
points to be considered will be the support of the maturing plant, the effect of growth
media on the nutrient delivery system, and the current products available to the user.
The health of a plant relies intimately on the conditions held in the root zone
environment. The primary contributing factors are temperature and oxygenation.
Temperature is of huge importance in the growth of the plant. The root zone
should be kept within the range of 62-71 degrees Fahrenheit1. According to studies
done at the Department of Biology, University of Turku, Finland2 and the Department of
Soil Science, University of Reading, UK3 root temperature is directly related to nutrient
absorption. These studies showed that the desired temperature ranges varied by plant
type but generally agreed that 60-70 degrees Fahrenheit was desirable. This range led
us to the conclusion that a variable temperature setting would be desirable to plant
growers. This temperature control would likely require temperature sensors in the root
zone and a heating element to raise temperature when it falls below a value that may
be set by the user. The evaporative cooling effect of the aeroponic sprayers may be
able to sufficiently cool the root zone when needed; the effectiveness would be
increased by airflow through the root zone. The alternative would be to add
components––such as thermoelectric cooling pads––but this would result in higher
cost and added complexity.
Unlike temperature, oxygen intake in the root system is dependent on the
growth stage of the plant. Knowledge of the plant’s growth stages is very important. At
the beginning of a plant’s life, whether it be from seed or cutting, it is important that it
is on a near constant watering schedule. Plants in this stage needless nutrients, but
should be covered in order to keep the humidity from the aeroponic spray from
escaping. During the rooting stage oxygen levels are of less priority. The next stage is
vegetation for a period of about two weeks. This stage and all subsequent stages need
periods of oxygenation between periods of watering. Oxygenation periods are those
when the plant can intake oxygen through extremely fine hairs that branch off of the
roots. The vegetative state should have an oxygenation to watering time ratio of about
2:1. Once the plant’s leaves begin to grow larger they begin to cast shadow on the
lower sections and less heat is transmitted to the root zone. The effect is that the
watering can be reduced; typical oxygenation to watering is 3:1. The final and most
important stage is the flowering stage. This stage needs significantly more oxygen; an
oxygenation to watering ratio of 10:1 is recommended4. All of these ratios are general
suggestions and the actual watering schedule should be controlled by the user.
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Availability of oxygen to the plants is very important and could be realized through
control of watering schedule timers. Oxygen and humidity sensors could also help to
monitor the root zone environment, but should not be necessary for adequate control.
Plant height and size is an important factor in the design of the system. NASA’s
studies on the space shuttle Mir concluded that aeroponic systems produce plants
with 80% more biomass weight per square meter5. Rapid plant growth can lead to
thinner and weaker stems6. On top of that, during the flowering stages a plant can
increase in size by a factor of three from its vegetative state. Though users can utilize
methods to control the height of the plant––plant to light distance, using fans to stressstrengthen, topping––we as designers cannot control the actions of the user. Plant
supports are used in many applications to keep plants from falling. Commonly used
supports are stakes, cages, and tie downs.
Grow media is a passive material that contains no nutrients and serves only to
hold the plant in place. In aeroponic systems grow medium is only used when starting
a plant from a seedling or cutting. When choosing a medium for rooting seedlings or
cuttings a sediment free medium is imperative, such as Rapid Rooters7, so that any
fallen medium will not clog the aeroponic system. When choosing grow medium for
aeroponics, a water-repellent medium––such as a simple net basket––is desirable so
that oxygen can reach the roots during oxygenation periods8. This tends to only be a
problem with young rooting plants, as once the root systems are substantial the vast
majority of the roots will hang freely allowing for adequate air. A water-repellent
medium is also an advantage when it comes to the back-up hydroponic system. This
allows for a constant drip system that will keep the roots moist while still allowing
oxygenation, removing the need for a hydroponic watering schedule9.
Currently most aeroponic systems on the market are built for mass growth of
vegetables––our design will focus on a one plant one system approach. A patent
search mirrored the current market findings. These systems are set up for the growth
of multiple plants and have little to no ability to adjust the size of the system or focus
on individual plant’s needs10. These larger systems can cost the user thousands of
dollars in start-up fees and thus push potential buyers out of the market. For those
horticultural enthusiasts that want a small scale system, they must turn to home built
systems that require a high level of commitment. The main problems with DIY projects
(Do-It-Yourself) include: difficulty in system design, increase in system cost as most
parts are bought separately from a variety of distributors, high level of maintenance,
large time commitment to online forums/guides, and no guarantee of system
performance. Our system will focus on alleviating some of these issues for the user.
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The Competitors
When looking at other types of aeroponic systems and comparing, you get two
different groups of systems. The first group consists of aeroponic systems designed
for multiple plants in a single housing. The second group consists of systems
advertised as “aeroponic”; which in actuality provide hydroponic nutrient delivery.
An example of the first group is the TreeFrog HP Aero11 platform system shown
in Figure 1, this system is a larger system that houses up to 26 plants and is upwards
of 5 feet in length and width, and thus it is not likely it would be used in a home setting.
It uses a high-pressure pump with multiple atomizers, but it does not monitor any of
the root zone characteristics. It retails for over $750.

Figure 1: Treefrog HP Aero Platform System

An example of the second group of aeroponic systems is the Miracle-Gro
AeroGarden 712 shown in Figure 2. This system has the capability of adjusting to
accommodate a range of plant heights; the max dimensions are 20”x12.25”x21”. This
system features a control panel that tells you when to add water and nutrients, and the
lights automatically turn on and off. It claims to be an aeroponic system, but after
further research this system has the roots in the water/nutrients and supplies oxygen
through an air stone or other method. It does not actually have the roots in air nor does
it atomize the nutrients, and thus it is not a true aeroponic system.
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Figure 2: Miracle-Gro AeroGarden
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Chapter 3: Design Developments
Concept Backgrounds
In the below sections relevant background information for proposed
components and concepts is given.
Definition of atomization
Atomization occurs when the relative velocity between air and water is high
enough to rip the water apart and into small particles—or droplets. In general, the
higher this relative velocity the smaller the average droplet size will be. Because of the
chaotic nature of atomization a single droplet size is not actually attainable; rather a
range of droplet sizes are created and represented by an average droplet size.
Measuring Droplet Size
Droplet size is very difficult to determine empirically and is usually done in a
laboratory. Some testing procedures include laser reflection and shadow photography
analyzed with complex computer programs to determine the average droplet size.
There are many correlations found empirically that calculate the projected droplet size
for both high pressure atomizing nozzles and centrifugal atomization13.
Centrifugal Atomizers
Centrifugal atomizers use centrifugal force to accelerate the water to a speed
high enough for atomization. This system simply needs water to be introduced into the
middle of a spinning disk for operation and does not rely on high pressures or flow
rates. The droplet size off of the spinner is a function of speed and diameter of the
disk.
These systems can be seen in use in centrifugal humidifiers, an example
schematic can be found in Appendix G. These humidifiers are very cleverly constructed
in that the centrifugal atomizer, water introduction pump, and mist distribution fan all
run off of the same motor—this is a great way to decrease the number of components
in the system that require electricity and space. Centrifugal humidifiers also use a
filtering screen and a pre-mixing chamber to further break down water particles to
smaller droplet sizes before being distributed to the surroundings. Though humidifier
companies do not state droplet size there are reports from aeroponic DIY builders that
droplets can get down to 20 microns. The equations available for determining droplet
size are only for that coming directly off of the spinner and do not account for
reduction in drop size due to the filtering screens or pre-mixing chambers.
These humidifiers are priced around $200-$300. Our system on the other hand
14 | Page

would not need to be as expensive as the space we plan to operate in will be
significantly smaller—about 6 cubic ft. as opposed to a 1,000 square foot house—and
thus the motor (the most expensive component) will be much smaller. Humidifiers also
are required to have filters and water circulation to prevent releasing bacteria into the
air, both functions that in our system are dealt with elsewhere and would not be
necessary for the atomizing system.
Though not seen often in the DIY community we believe that this system will
work well for our root zone. At Harvard in 1976 an experiment was run using the
centrifugal atomizing disk right out of a humidifier with great success. Below in Figure
3, is a schematic of the aeroponic module used, along with the development of pea
plant roots after 3 weeks—seen in Figure 4. The plants grown in this system were of a
wide range including: peas, fava beans, peanuts, soybeans, Australian evergreen trees,
sweet fern trees, and sunflowers. All were successfully cultivated14.

Figure 3: Left- Motor, Shaft, and Humidifier Spinner Schematic; Right- Aeroponic System
Schematic
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Figure 4: Pea Plant Roots after 3 Weeks of Growth

High Pressure Water Nozzle Atomization
High-pressure water nozzles are the standard in the aeroponic community. They
work by producing a large pressure gradient that serves to accelerate water out of the
atomizing nozzle at a high enough velocity to produce atomization. In order to achieve
the pressure needed—80 to 100 psi at each nozzle—a piston or diaphragm pump is
needed. In order to keep from fouling the system the pumps have filters that need to
be washed or replaced monthly—though this would likely be reduced through the use
of pre-filtering in a nutrient delivery system.
In Table 2, below, examples of atomization pumps are presented. The
requirements for each pump depend on the amount of atomizing nozzles they would
be serving. Each individual pot is assumed to have two nozzles. As an initial sizing
parameter we assumed that each nozzle would require water flow ratings of about 30
GPH. It should be noted that the pump must be provide high pressure and not just high
flow rate. The table extends to four pots in order to accommodate the use of a fully
utilized Pivoting Lift Mechanism.
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Table 2: Recommended Pumps
#
Systems

Recommended
Pump
Type

# Nozzles

Pre

1

2

30

Aquatic 6800

In Line

$75

3x4x7

6

2

4

60

Aquatic 6800

In Line

$75

3x4x7

6

3

6

120

Aquatic 6880

In Line

$75

3x4x7

6

4

8

240

Aquatic 8800

In Line

$100

3.6 x 4 x 7.3

6.5

Price

Dimensions
(in)
Weight (lbs)

The atomizing nozzles are slightly more expensive than the typical nozzles
because they must be able to accommodate the higher pressures and velocities. They
are also designed differently in order to get the desired droplet sizes. The nozzles we
will be using produce droplet sizes ranging from 5-50 microns in diameter.
Temperature Sensors
Thermistors use ceramic resistors whose electrical resistance changes with
temperature. This relationship between resistance and temperature is known and can
be used to accurately report the temperature of the thermistor and therefore the
surroundings that the thermistor is in. Thermistors work very well in the range from 130°F to 260°F, our application fits comfortably in this range. Thermistors can be
bought for very cheap (~$0.50 for a single thermistor), require only a single stabilizing
resistor and can be controlled easily by a microcontroller.
Humidity Sensors
A capacitive type humidity sensor changes its capacitance based on the relative
humidity (RH) of the surrounding air. As the relative humidity increases the capacitance
also increase.
Capacitive type humidity sensors act linearly between 5% and 95% and
measurement can be reported very accurately. Outside of this limit the reading
becomes nonlinear and cannot be accurately reported without special materials or
signal conditioning. Response time is dependent on the sensor bought and can be
anywhere from about 5 to 60 seconds.
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Oxygen Sensors
Many oxygen sensors are currently on the market, but none were found that
were viable for our project. A quick overview of information found follows.
Soil testers are used to measure the oxygen content of soil but unfortunately
these sensors cannot get wet and are very costly (~$200). Other options such as
Oxygen Optodes only take measurements of dissolved oxygen in liquid water and thus
will not give us the oxygen content of the root zone.
The Clark Electrode was developed in the automobile industry to analyze
oxygen content of exhaust. These sensors use a galvanic cell—much like a battery—
and produce an electrical voltage when exposed to oxygen. These sensors are the
cheapest—the lowest found was $25—but also have the issue that they cannot get
wet.
Because of the functional issues and cost we suggest that an oxygen sensor not
be used. Instead we think that having outside air periodically added to the system
would be a better approach for oxygen level management. Our concept for achieving
this can be found in the Oxygen section of Design Development.
Resistive Heating Elements
A resistive heating element converts electricity into heat through the process of
resistive or Joule heating. Electric current passing through the element encounters
resistance, resulting in an increase in temperature. With airflow over the heating
element heat will be transferred into the root zone to raise the temperature.

18 | Page

Design Development
Approach
Working through the concept design phase has pushed us to realize some of
the best possible solutions to some of the issues of the task at hand. We began the
process by making a list of every function needed in our final design. We then
brainstormed as many possible solutions for each function and discussed them within
the team. Initial concepts for the aeroponic system and hydroponic system can be
found in Appendix G.
Following the brainstorming we utilized Pugh matrices to help us narrow down
the amount of concepts we would consider. The Pugh matrix is used to evaluate
alternative designs against a baseline. It utilizes a comparative scoring method to
evaluate designs; using customer requirements you compare designs to the baseline
and give scores according to whether the new design is better or worse than the
baseline. This helps to weed out some of the weaker designs while also sparking ideas
for new designs. Pugh Matrices can be found in Appendix G.
Following the Pugh matrices we moved on to developing decision matrices, to
help us choose a final design. The decision matrices work by taking the remaining
concept designs and giving them scores on how well they would perform in certain
design criteria. This is different than the Pugh matrices in that you also assign the
design criteria weighted values based on importance of the criteria. This helps to give
the concept a better overall scoring taking into consideration all criteria. This protects
against a biased top design; not allowing a winner based on a great performance in
one area but poor performance in other areas. Decision matrices can be found in
Appendix G.
From these decision matrices we found that either a centrifugal atomizer or the
standard pump and atomizing nozzle were the best choices for the aeroponic system.
We also found that the basic pump and hose drip system would be the optimal backup
hydroponic system. In the following sections you will find more in depth descriptions of
our concepts and why we chose them.

19 | Page

Concepts
Centrifugal Atomizer
We believe that this system would be the most appropriate for the scope of this
project. The centrifugal atomizer does not require high pressures to atomize and can
feed directly from the water reservoir. This means that it will work equally as well
whether the reservoir is filled manually or through the use of water lines. Another
benefit is that it can be made compactly and thus will give the root system ample room
for growth.
Another major benefit to centrifugal atomizers is that droplet size is inversely
proportional to motor speed. This means that if users are given a range of motor
speeds to select from they can have some control over droplet size. This is a level of
control that aeroponic systems do not currently provide. Though reporting exact
droplet sizes will be difficult, there are a handful of equations available to us that will
give us approximations. From experience in research on the DIY aeroponic community
it is obvious that droplet size is very important and must be at least 50 microns. Our
suggestion is that we determine the upper limit of the centrifugal system to be at 50
microns through the use of the equations in Appendix E and through visual inspection
gauge the effect of filtering screens and pre-mixing.
Motors
When determining what type of motor to choose we considered both brushed
motors and brushless motors. There are pros and cons to both types; first we will
discuss the brushed motors. Some advantages to brushed motors are that you are
able to replace the brushes when worn out, they operate in extreme environments, and
they are relatively inexpensive. The negatives to brushed motors are that they do
require periodic maintenance due to worn down brushes, they have lower speed range
due to the mechanical limitations on the brushes, and poor heat dissipation. When
looking at brushless motors and drawing comparisons, brushless motors require less
maintenance, have higher electrical efficiencies, reduced sizes, and higher speed
ranges. The drawback to brushless motors is that they are slightly more complicated
and they also are more expensive.
Our design will require a higher speed range for the main system; and due to the
size constraints of the root zone area that we have to design in, the smaller motors are
desired. For these reasons we decided to go with a brushless motor16.
High Pressure Water Nozzle
Our other option is to use a high-pressure water atomization nozzle. This system
would require a pump such as those seen in Table 3, which because of size needs to
be external to the pot. The main advantage of these systems is simply in their
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reliability. These systems are the most commonly used in the aeroponic community
and thus are widely accepted as a means of atomization. For our project the
effectiveness of such a system is questionable and dependent on the number of
systems the user desires. For example if the user wishes to run four systems with the
Pivoting Lift Mechanism, buying a single pump for $100 may be reasonable. On the
other hand if the user only desires one system, a $75 pump may not be viable. Another
thing to note is that this system does not necessarily need to be sold with an external
pump and could be design to work with pumps that users already own—the part of the
DIY community who already own pumps may find this appealing.
Conclusions on Atomization
Selecting between the centrifugal and high-pressure atomization systems is
reliant on the direction we would like to go in terms of customer needs. If we would like
to focus on customers that only want a few units the centrifugal atomizer would be the
most cost effective choice. If we focus on customers desiring many systems, the highpressure atomizer with external pump would be the best choice, as it is more cost
effective for multiple units.
A third option would be to provide both atomization systems while leaving the
pump as a separate item. What this means is that the system would be designed with
the primary system being the centrifugal atomizer but would also include the tubing,
hook-ups and nozzles for the high-pressure system. This way the user can decide
which system they would like to run—possibly even both if they prefer. This system
would have the most user options but would obviously come with an increase in price.
Rotation and Tomato Cage
Rotation was originally one of the key features that we were going to address,
but as of recently it has been left as a responsibility of the Pivoting Lift Mechanism
team. After this change we still wanted to investigate the benefits of rotating the plant
independent of the pot body. The main advantage would be the rotation of the root
system as it would allow for better coverage from the aeroponic and hydroponic
systems. But issues arose when investigating the effects of rotating the root system
and it was decided not to move forward with these designs. These issues included:
possible root damage, conflicts with the tomato cage needing to rotate with the plant,
and additional cost and complexity due to the need of an additional motor and
bearings—which would have to be strong enough to rotate a large, fully grown plant.
Because we no longer are rotating the system we believe that the tomato cage
provided in the manual self-watering pot would be sufficient. Using this tomato cage,
we can increase the amount of shared tooling between the manual and automated
pots, decreasing manufacturing costs. We came to the conclusion that it would not be
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necessary to automate the tomato cage because it does not need to move with the
growth of the plant. Since the cage will only have to be raised if the plant needs
support, we believe that the manual version is sufficient.
Hydroponic System
The hydroponic system that we have chosen is a simple drip system. Once
triggered, a small submersible pump in the water reservoir will power a constant drip
system. The pump required should be high flow and low pressure and would only need
to provide two feet of head—the vertical distance the pump can push the water.
Aeroponic Failure Detection
In order to detect failure we have decided to focus on the detection of water
leaving the atomizer. We chose this location as it is the end point of the aeroponic
system and thus failure of any of the components will be represented here. We will be
using a water sensing circuit to detect failure, if the sensor is not tripped after a set
time period or number of watering cycles failure will be assumed. The sensor is very
cheap, under $1 for prototyping, and should be able to easily connect with a
microcontroller.
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Other Systems/Functions
Temperature Monitoring
Temperature monitoring will be performed by placing thermistors in various
locations in the root zone. By having sensors in various locations an average can be
calculated and the temperature of the root zone can be better monitored.
Humidity Monitoring
Measuring the humidity of the system is of high importance as it gives us a
quick look at the status of the root system—low humidity can alert the user that the
roots may be drying out. We will be using a capacitive type hygrometer which can
adjust to changes in relative humidity within a few seconds. Humidity sensors can be
found for $4 to $8—but do require somewhat complex circuits. A combination sensor
was found at Sparkfun.com that incorporates both humidity and temperature sensors.
The humidity sensor works in the entire range of 0-100% relative humidity and has an
accuracy of ±2%. The temperature sensor has an accuracy ±1 ° F. The sensor can be
bought for $10 and is ready to be connected to a microcontroller; we believe this is the
sensor we should use.
Oxygenation of Root Zone
A major concern to root development is the delivery of oxygen in between
watering cycles. We deemed it ideal for the oxygen levels to be monitored—in parts
per million for example—and adjusted with air inflow when necessary. A handful of
sensors and methods are currently available on the market but each comes with its
own disadvantages—the most common one being high price.
The most reasonably sensor available is the Clark Electrode. These sensors are
the cheapest at $25; unfortunately we believe that this price is still too high for the
scope of this project.
Our solution to this problem is to work around the need for oxygen sensors by
setting up an oxygenation cycle in between watering cycles. This would be
accomplished through the use of an inlet air fan that would be programmed to run
during the time between watering cycles when the root system is taking in the majority
of its oxygen. One issue presented by this approach is root dry-out. This can be
managed with a combination of programmed settings and may include: monitoring the
humidity levels, and having a fan shut-off level; setting a maximum fan run time; or
through fan airflow control.
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Cooling
We have decided to investigate the viability of using a thermoelectric cooling
pad to lower the temperature of the system when needed. Because of the nature of the
thermoelectric pads one side gets cold while the other gets hot. For effective use both
sides of the pad need airflow over the surface—preferably in conjunction with heat
transferring fins.
If this system proves to be too expensive for use, the other option adds no extra
cost to the system. The effect of evaporative cooling will already take place in the root
zone when airflow is introduced. As air flows over wet surfaces water will evaporate
into the air and reduce the temperature. This could be relied on to reduce system
temperature but may not be sufficient when large temperature decreases are needed.
Heating, Cooling, and Airflow
In order to accomplish airflow to the roots we plan on adding a fan that can
circulate air inside of the root zone. This function can also be utilized to control the
temperature of the root zone. By adding a simple resistive heating element to the fan’s
duct system, warm air can be circulated when the temperature drops below a
minimum tolerable temperature; as a safety mechanism the fan must be set to run
anytime the heating element is on to prevent component damage. When the system
needs to be cooled the fan can be turned on to push out hot air or to circulate cool air
if an active cooling system is to be used. Other concerns that must be addressed and
possible solutions include: light penetration into the system, prevented by directing the
air-flow through curved ducts; dirt contamination with in-flowing air, prevented with an
air filter or screen; and root damage from direct heat, prevented by choosing an
appropriate outlet direction for the fan duct.

Final Decision
For our top concept we will be using either a centrifugal atomizer and motor or
the more widely used pump with at least two atomizing nozzle. The backup system will
use a basic tube to be implemented with a submersible pump that will pump water up
to the top of the roots and allow the water to trickle down—a hydroponic system
design.
The outer structure of the design will be based off of an already existing selfwatering pot. We will take this and remove some unnecessary components if any and
integrate our aeroponic/hydroponic components. In the existing pot there is a lower
section reserved for the water reservoir with a centralized opening into root zone area.
In this opening is where we plan to have the main aeroponic atomization system,
sending the atomized droplets upward into the root zone. The backup hydroponic
system will be placed in a corner of the interior. This will include a small pump that is
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placed in the water reservoir, and a small water line from the pump up to the top of the
root zone. We also plan to have multiple sensors located on the interior walls of the
root zone area. A water-tight enclosure for the electronic components will also be
necessary; this will be located below the reservoir.
The material of choice has already been decided upon since our project is a
more sophisticated version of an already existing self-watering plant pot. We will be
using the same design of the housing and the same materials in order to save costs on
manufacturing. The material of choice would be ABS plastic.
For the aeroponic system we came up with the concepts presented and
described in Appendix G. The final concepts were chosen to be the centrifugal
atomizer and the high-pressure water atomizer. Represented in Figure 5, is a simplified
schematic of our system.
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Figure 5: Simplified Schematic of System
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Chapter 4: Description of Final Design
Overall System Description
For the final design we will be using a centrifugal atomizer as the driving unit of
the Aeroponic System. This system will include the Archimedes Pump, Distribution
Fan, and Atomizer running directly off of the shaft of a single motor. The Backup
Hydroponic System will use a submersible pump that will pump water upward and out
of a drip ring with nozzles directed radially inward around the top of the root zone.
There will also be a series of sensors to work in conjunction with a microcontroller to
provide the user with full control over the system. Figure 6 shows the general layout of
the system and figure 7 shows the aeroponic atomization system.
The outer structure of the design will be based off of the already designed selfwatering pot. In the existing pot there is a lower section reserved for the water
reservoir, with a centralized opening into the root zone. This opening is where we plan
to have the Aeroponic Atomization System, pumping the nutrients up and sending the
atomized droplets upward into the root zone.
The backup hydroponic system will be placed in a corner of the reservoir. This
will include a small pump that is placed in the water reservoir, and a small water line
from the pump up to the top of the root zone.
The Air Flow Fan and Duct will be located on the side of the lower section of the
root zone. Inside the duct a coiled Nichrome wire will act as the Heat Coil.
We will have multiple sensors located on the interior walls of the root zone and
reservoir. Thermistors will be placed in the upper and lower root zone as well as one in
the reservoir to measure temperature of the root zone air and reservoir water,
respectively. A single Hygrometer will be placed in the mid-section of the root zone to
monitor humidity. Three water-sensing circuits will be used: one at the outlet of the
Atomization System to monitor for failure, and two in the reservoir to monitor water
capacity/level. A water-tight enclosure for the electronic components will also be
necessary; this is currently located above the Air Flow Fan.
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System Layout
Fan

Drip Ring

Submersible
Pump
Figure 6: Overview of System Layout

Figure 7: Aeroponic Atomizer System Layout
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Detailed Design Description
Aeroponic System
After presenting two different designs for atomization, centrifugal and highpressure atomizers, the decision was made to proceed with designing, building and
testing the centrifugal atomizing system. A huge benefit of the centrifugal atomization
system when compared to the high pressure pump system, is that the nutrients will be
able to be pumped up to the atomizer, atomized and then delivered to the roots by
only using a single motor. Similar to that of a home humidifying unit, this system will
use an atomizing disk, in conjunction with a fan and a diffusing screen to provide the
targeted droplet size of 50 microns. Figure 8 gives details on how the atomization
process works.
As this is the most important design specification for the project, some
components will require further testing before recommendations can be made. For
instance, the final dimensions of the atomizing disk will not be determined until further
testing and analysis is performed. Various designs of the atomizing disk will be tested
to determine the best size of the disk, keeping in mind the volume of space that will be
taken, the size of the droplets that each will produce, as well as the flow rate produced
by the fan. Testing will done with varying disk size diameters as well as varying fan
blade sizes.
For this reason the final specifications on the motor used in the Aeroponic
system cannot be finalized until the final dimensions of the atomizing disk have been
determined. This is because the different sizes of disks will require different operating
speeds of the motor to achieve the desired droplet size and flow rate. Once the desired
speed for a 50µm droplet size is determined, that will be the central point for the range
of speed we want the motor to have, this will allow for the user to control the size of
the droplet size if desired.
Hydroponic System
In the concept design we implemented a simple drip system as the backup
system and this is what will be used in the final design. One alteration that was made
was that the system will also use a radial dripper to provide a more even distribution of
the nutrients to the roots. Once triggered, a small submersible pump in the water
reservoir will power a constant drip system. The pump required should be high flow
and low pressure and would only need to provide 15 inches of head—the vertical
distance the pump can push the water. The pump we selected that would be
appropriate is the Aquatop NP-302 which is a basic submersible pump that could
provide more than the required head needed, is reliable, and is inexpensive. The pump
has dimensions of 2.2in x 1.8in x 2in, and can provide a max head of 27 in and a max
flow rate of 130 gph.
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Figure 8: Atomizing Disk: (a) Water Inlet; (b) Entrance Pipe Exit/ Disk Inlet; (c) Water accelerates
towards disk edge; (d) Atomized water exit; (e) Airflow through System Housing; (f) Motor Shaft
mounting hole

Flow Path of Water and Air through the Atomizer System
a) The Archimedes Pump is fully submerged in the reservoir. When the system
rotates it begins to pump water vertically.
b) Here the pumped water exits the entrance pipe through six holes, initially
separating the flow.
c) On the spinning disk of the Atomizer, the water is pushed to the outside of the
disk due to centrifugal force, accelerating its tangential speed.
d) At the edge of the disk water has reached atomization velocities. At this point
the water flow is split: smaller droplets are ejected directly into the air while
larger droplets impact the ribs of the Diffusing Screen. Of these larger droplets
some are broken into smaller droplets and ejected into air, while the droplets
that are still too large fall down into the system housing to return to the reservoir.
e) Air flow is pulled into the system housing, powered by the Distribution Fan
blades on the bottom of the spinning disk. This Airflow is directed by the surface
of the housing toward the edge of the disk and then upward, perpendicular to
30 | Page

the water exiting the diffusing screen. This airflow picks up small droplets and
transports them into the root zone; droplets that are too large to be pulled into
the airflow fall down into the system housing to return to the reservoir.
f) The shaft of the motor is mounted through this larger central hole and secured
with a set screw.

Supporting Analysis
Centrifugal Atomizer
The main focus on the centrifugal atomization was the determination of the
droplet size after atomization. Consultation with Dr. Shollenberger of the California
Polytechnic University Mechanical Engineering Department, led to research on
experimental correlations for drop size. Correlations for determining the mode of drop
formation, and mean droplet sizes were found: detailed analysis can be found in
Appendix E. The mode of droplet formation was determined to be film disintegration;
which correlates to the largest flow rates. Knowing this the correct correlation was
used and the mean droplet size for the centrifugal humidifier was determined to be
very near to 50 microns, our target droplet size.
It should be noted that the correlations do not take into account the effect of the
Diffusing Screen or the Distribution Fan, which both serve to decrease the droplet size
distributed to the root zone.
Because of the high level of complexity and randomness seen in two-phase fluid
flows, the calculated mean diameter can only be used as an estimation. In order to
determine the correct droplet size for our system testing must be done.
There are two primary ways to influence the droplet diameter with centrifugal
atomization: either adjust the diameter of the Atomizing disk or the speed at which it
rotates. The general rule is that the larger the diameter or the higher rotational speed,
the smaller the droplet diameter.
The first tests that will be performed will be to determine the disk diameter and
rotational speed range for the prototype. The testing will involve purchasing multiple
standard Atomizer Disks for the Trion Herrmidifier Centrifugal Humidifier. These disks
will be laser cut to different diameters while all other dimensions and features will be
kept the same. In this way we will be able to isolate the effect of changing disk
diameters. The testing will also involve running each disk over the speed range of
3,000 RPM-8,000 RPM to investigate the effect of rotational speed. The minimum
speed was chosen because it is the speed at which the Distribution Fan is rated. At
speeds below this, the fan’s power will decrease, which subsequently will decrease the
mass flow rate of water delivered to the root zone. The maximum speed was determine
by inspection of the Figure 9, where it can be seen that at speeds increasing the speed
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above 8000 RPM has a less drastic effect on droplet diameter. Our goal is to determine
a disk diameter and a range of rotational speeds that will provide a range of droplet
diameters from 25-75 microns.
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Figure 9: Droplet Size Variation with Disk Diameter and Speed

Fan Flow
To determine the fan needed an approximate flow rate was determined. Using
the volume of the root zone and a one-minute time for full cycling of fresh air the flow
rate needed was determined to be about 1 cfm, found in Appendix E. This is a very
small flow rate, so the choice in fans was very broad. We decided to go with the
Enermax Marathon, magnetic bearing cooling fan. This fan has a maximum flow rate of
26 cfm, much higher than we need for oxygenating flow between watering cycles. This
range of flow rate is desirable for heating and cooling, as the flow rate would need to
be higher for larger cooling or heating loads.
The fan provides many benefits, namely the magnetic bearing. This bearing is
water resistant as it uses an induced magnetic field to hold the fan in place and provide
rotation. These bearings last much longer than standard ball bearings, approximately
40,000 hours. Another benefit is that these bearings function at an extremely low
sound output, about 14dB—lower than a whisper.
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The fan will need to be provided power through a relay, as the voltage and
amperage requirements are higher than a microcontroller can provide, but will still be
controlled through the microcontroller.
System Heating
Heating of the root zone will be controlled through the use of a Nichrome
Heating coil. In order to determine the heating load required by the system heat
transfer analysis was performed, found in Appendix E. The result from this analysis is
that heating load would be 50W. This value was determined using a 65°F root zone
temperature and a 40°F ambient air temperature, considered a worst case scenario
temperature differential. In the more likely case that the ambient temperature was in
the range of 50-60°F, only 15-25W would be necessary.
Through communication with Gary Jacobs from Jacobs Online, our selected
Nichrome wire distributor, the Nichrome-60 28 gauge heating coil was chosen.
Safety Considerations
There are no huge risks of injury with the system as all of the components will be
enclosed in the system; the user will be operating the module remotely. There are two
areas that may be of small concern, the fact that the electronics will be in very close
proximity to the water reservoir and that the heating coil will have components
surrounding it of a plastic material. The concern of the electronics will be addressed by
ensuring the electronics housing is properly sealed and will also undergo testing to
ensure no leakage. The issue with the heating coil was already addressed and will
require the fan to be on anytime the heating coils are used. This will also be tested to
ensure flow across the coils is enough to prevent any damage from the heat produced.
The root zone climate will be monitored by the numerous sensors and will be
controlled by the user; therefore the only risk of damage to the plant could be due to
the rotating disk. It is possible that roots can make their way into the Atomizer
Housing, and thus be exposed to the spinning Atomizing Disk. Though we are unsure
this will actually cause any damage to the roots, it is a good preventative measure to
avoid the issue. To avoid this we may implement a mesh like screen to avoid roots
from entering, yet still allowing for the atomized droplets to escape. This too will
require testing to determine whether or not this will be an issue with the flow rate of
nutrients to the plants.

33 | Page

Material Selection
The majority of the components of the Self Watering Pot design are going to be
injected molded. Since our design is going to be easily implemented with the already
existing module, the majority of the components of the prototype design are going to
be made using the rapid prototype machine on the Cal Poly Campus. For this reason
we are going with ABS-plastic for most of the parts that are not going to be
outsourced. The motor housing and the fan duct are the only two components that are
going to be made of another material, aluminum. Aluminum was chosen for these two
components because they will be dealing with heat. This is critical for the motor
housing as it is very important that the housing be moderately conductive with heat to
prevent any damage to the motor.

Cost Analysis
The next phase in the project is to begin Atomizer Disk testing. The tables below
display a cost breakdown for the testing procedure. The Diffuser Screens for Atomizing
Disks B and C will be laser cut out of strips of ABS, detailed drawings can be found in
Appendix D. Also supplied in the appendices are tables of the cost analysis for testing,
as well as prototype costs, two rightmost columns of these tables are the distributors
to be used for purchase of the prototype parts and the manufacturer that we could use
for the large scale production of the product.
In appendix C, is a list of the components needed for testing. Originally, the plan
was to 3-D print the atomizer disks, but now we plan to purchase five Trion 707u
Impellers, the Atomizer Disk from the Centrifugal Humidifier. We will laser cut the disks
to different configurations; this approach will decrease the cost of testing. The
atomizing disks we will be using requires a ¼ inch shaft from the motor, while we will
be using a motor with a 1/8-inch shaft, for this reason we also need a shaft coupler and
a ¼ D-shaft. The diffusing screen will be laser cut specifically for each atomizing disk,
so a large strip of ABS will be ordered. The motor to mount adapter will also be made
from the ABS strip.
In Appendix A, receipts for the items that have already been purchased for the
project; these expenses need to be reimbursed to Sean Marrs. The table in Appendix C
lists the components that are required for the final prototype but ordering of these
components will be postponed until testing is complete.
It should be noted that the Centrifugal Atomizer Motor is not currently selected for
prototyping but for the testing of the atomizing disks. This motor will need a larger
speed range than that of the prototype because the operating range of the prototype
will be determined through testing.
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Chapter 5: Product Realization
Laser Cutting
The majority of the prototype was made of acrylic and PETG. Components were
cut from these materials using a laser cutter in order to get exact dimensions.
Components were bonded together using acrylic cement—a solvent that melts mating
surfaces to provide a solid connection.
Though laser cutting was used as the primary fabrication for the exactness of
dimensions and production of complicated shapes, the nature of how laser cutting
works provided some unexpected difficulties.
The primary issue was the production of flat edges for edge gluing. Because the
laser needed multiple passes to cut through the material the distance between the
laser and material increased over successive passes. This increase in distance affected
the intensity of the laser and the width of the cut. This effect produced slanted edges
instead of the flat surfaces needed for edge gluing.
To solve this problem we first adjusted the distance between the laser and the
material after each pass. This was our attempt to keep said distance constant
throughout the cutting process. This resulted in flatter edges, though not perfectly flat.
From this point we used a combination of sanding and grinding to produce edges
suitable for edge gluing. In addition to these methods we also adjusted the design of
components to limit the use of edge gluing as well as organized the cutting templates
to take advantage of the flat edges of the raw material.
Many components, while the same material as those laser cut, were cut out by hand.
These components were primarily rectangular in shape and include but are not limited
to the fan duct and electronics housing. The main tools for manufacturing were safety
blades—for scoring and breaking along the score—and hacksaws. These components
were assembled using the same acrylic cement methods.

Leakage Mitigation
After the majority of manufacturing was complete, preliminary testing of the
prototype revealed what would be one of our largest problems— water leakage out of
the system. While the majority of the system was designed to have vertically
overlapping edges to keep water in the system, points of access for the motor, pump,
and sensors were high-risk areas for leakage due to the wicking effect of water. The
small gaps between the system housing and the wires exiting the system provided
ample opportunity for water to make its way out of the system.
Most of these leakage points were temporary, as they would be sealed with
silicon for the final prototype. But during the interim, leakage was mitigated with
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temporary barriers such as duct tape and were prevented from contact with any active
electricity areas such as the microprocessor and relays.
For the final prototype the system housing exit for the motor’s power cord was
the only component not sealed with silicon. This was in order to maintain the ability to
remove the motor from the system completely in order to gain access to the water
reservoir and atomizing impeller. To prevent leakage this cord was routed under the fan
duct’s protective cover. Furthermore the cord was routed in a parabolic shape, the
vertex being the lowest point, so that water on the cord would collect and drip back
into the reservoir.

Humidity/Temperature Sensor
The combined humidity and temperature sensor placed in the root zone failed to
produce correct readings. The humidity sensor while likely reporting the correct values
some of the time, proved not valuable. The problem emerges from the fact that after a
short period of time, the humidity sensor is completely saturated with water during the
atomization process and thus would read nearly 100% humidity. This is not surprising
due to the fact that during the atomization process the air in the root zone is saturated
past its ability to hold moisture, this could be seen from the large amount of
condensation and settling following the end of the atomization process.
The main issue with the humidity sensor is realized after the end of the atomization
process. After this the sensor is completely covered in condensation and does not dry
enough during the off time to read anything but 100%.
After verification of the system’s ability to provide an adequate root zone
environment for the growing of an actual plant, it was decided that keeping an
adequate level of humidity was not problem. Due to the short duty cycles used for the
system it has been determined that the humidity sensor, assuming that it provided
accurate data, was not a valuable sensor for this system and would not be
recommended in further iterations.
The temperature sensor included with the humidity sensor eventually failed due
to constant exposure to water. The temperature of the root zone is the most important
parameter to monitor for the root zone environment so it is highly recommended for
future iterations to replace the humidity/temperature sensor with a water-proof
temperature sensor like that used in the water reservoir.

Coding
A big portion of the project was the requirement of a control system. For the
brains of the module we decided to go with the use of an Arduino microcontroller.
Arduino is an open-source electronics platform based on easy to use hardware and
36 | Page

software, which is used to develop interactive objects. In the case of our project, it
takes inputs from different sensors and also controls a motor, pump, and fan.
Writing the code for the module required a lot of forum based research; since
Arduino is an open-source platform, there is much available that people share for the
benefit of others. The process involved taking small portions of previously written
codes or codes that only did one single function. These would later be used and
combined into one unique code for our project. For instance, we would write one code
that would sense temperature and output the values, or we would write the code to
control the fan for a specific timing schedule.
A big problem with the coding portion of the project was that nobody from team
was a programmer. Nobody was great at coding, nor did anybody have very much
experience with coding or using microcontrollers.
Issues began to arise when we began construction of the final code that would
complete all the necessary functions of the module, together. It became apparent that
the higher the functionality you want the project to be, the greater the difficulty of the
code will need to be, at least for the less experienced programmers.
If further development of the project is to be considered, we would recommend
that a professional programmer re-write the code. Although the module works well and
completes all the necessary functions, it was written on a very inexperienced level. The
code could more than likely be written in a more efficient way. This is important as it
could cause the Arduino to freeze, like computers do sometimes. This is usually an
issue for the more complex projects and should not be an issue here. There is also the
possibility of a freeze due to the memory capacity. While the Arduino runs it is
continuously storing data, so eventually all the onboard memory will be filled and this
could cause problems with the program. This can be avoided by writing a much more
complicated code that basically has a reset function built into the code—to clear the
memory when it reaches near capacity, which can easily be done by a much more
experienced programmer.

Changes from Final Design
The major changes from the final design implemented in the prototype were the
relocation of the electronics bay and the ventilation fan, as well as the limiting of the
fan’s functionality.
The electronics bay was originally planned to be located in the root zone but
was moved exterior to the system housing. This was done for two reasons: to provide
better access to the electrical components during testing and iteration, and to provide
a higher level of safety for the prototype by limiting the chance of contact between the
electrical components and water.
For the original design the ventilation fan was located approximately at
the vertical midpoint of the root zone and included heating coils to raise the
temperature of the root zone if necessary. Before the fan was manufactured the system
was tested to get an initial heat profile. It was found from this that cooling the system
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would be the main function of the fan and that if necessary the heat produced by the
motor would be sufficient for maintaining an adequate root zone temperature.
The location of the fan was decided based on lengthening the life of the fan by
reducing contact with water and saturated air. As the main function of the fan was now
to remove heat from the system the most effective location would have been the top of
the root zone so that it could pull out the higher temperature air, but this would have
subjected the fan to direct contact with the saturated air leaving the system. To
prevent this the ventilation fan was moved to the lowest point in the root zone so that
the air moving through the fan would be the dry air from outside the system.

Electronics Bay Manufacturing
The main thing that was addressed in the manufacturing of the electronics bay
was the isolation of the high voltage components. The relays that controlled power flow
to the pump and motor provided 120V, standard wall power, and thus for safety
considerations needed to be physically isolated. To accomplish this a removable cover
was manufactured.
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Chapter 6: Design Verification (Testing)
Motor Heat Profile
The first test to be conducted was the motor heat profile. In these tests two
temperature sensors were used; one in the system’s root zone and one in physical
contact with the motor cover. In the first test the atomization system was run for the
entirety of the time and the temperature data of the root zone and motor were plotted
against time. This test provided us with the rate of temperature increase of the motor.
The second test utilized a 25% duty cycle for the motor to reflect the cycle that would
be used for an actual plant. The cycle times were: four minutes on and sixteen minutes
off. This provided us with appropriate run times for the motor to limit heat transfer into
the system.

Figure 10: Motor Temperature Profile

Figure 10 shows the change in temperature of the motor after being run
constantly for 20 minutes. It can be seen that initially the temperature drops due to the
evaporative cooling effect from the atomized water-air flow.

Motor and Pump Heat Test
The next test was run with the addition of the hydroponic drip system as well as
utilizing an on-off cycle for both components to reflect how the prototype would run
when a plant was in the system. The temperature of the root zone and motor were
collected. The schedule was as follows: four minutes of motor run time followed by two
and a half minutes of pump run time and then a thirteen and half minutes of off time.
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The concept behind using the hydroponic pump was to use the water provided by the
hydroponic system to cool the motor cover and transfer heat into the water reservoir
instead of the root zone. As it takes more energy to increase the temperature of water
than air, the root zone temperature did not rise as significantly as the motor only tests.

Motor and Ventilation Fan Heat Tests
After studying the results of the previous tests it was determined that the
maximum root zone temperature occurred near the end of each cycle. From this
information we decided to run the ventilation fan for the last two minutes of the cycle,
this would also allow time for any excess moisture in the air to settle before the air was
removed from the system. The schedule was as follows: four minutes of motor run
time, fourteen minutes of off time, and then two minutes of ventilation fan on time. The
results of this test were that the temperature of the root zone was mitigated much more
effectively than with just the pump. This made sense because the air being pulled into
the system was much drier relative to the air in the system. The result of this was that
water collected on the inside surface of the system housing would evaporate into the
air, reducing its temperature, while the hot air collected at the top of the system would
be removed.

Figure 11: Motor and Root Zone Temperatures

Figure 11 shows that after three hours of run time the motor begins to reach a
steady state temperature but the air in the root zone continues to climb with small
fluctuations due to the ventilation fan. This test showed us that the percentage of the
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motor’s run time in each cycle should be reduced while the ventilation fan’s run time
should be increased.

Motor, Pump, and Ventilation Fan Heat Test
The later cycles would include all three components to keep the root zone
temperature as close to the ambient outside air temperature.
Figure 12 shows
that even though the motor has not yet reached steady-state, the root zone
temperature is mitigated by the ventilation fan.

Figure 12: Temperature Profile for Motor, Root Zone, and Reservoir

At this point the construction of the prototype was complete and the cycle was
run non-stop with an established tomato plant for a period of two weeks. Over the two
weeks the duty cycles of the motor, pump, and fan, as well as the duration of the
whole cycle were changed to observe the reaction of the plant. After many iterations it
was found that the plant did well with a much shorter cycle, a total duration of three
minutes and ten seconds. The schedule was as follows: thirty seconds of motor run
time, ten seconds of pump run time, one minute off, ten seconds of pump run time,
one minute off. For this cycle the fan ran for the entire time that the motor was off. The
reason for this is that the fan used in the prototype, and its placement, was not as
effective as the fan used for testing which was larger and located at the top of the root
zone. The reason for the short bursts of the pump was to limit the use of the pump
while still removing some heat from the motor and to keep the lower sections of the
roots moist and cool as they were the closest to the motor.
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Chapter 7: Conclusions and Other Recommendations
Near the end of testing the final design and code, deterioration of the plant’s
root health was noticed after the addition of more nutrient water solution. We observed
a rapid change of the tips of the root ends from a nice healthy white to a black color.
After further investigation, we found that the nutrient-water solution in the reservoir was
much too concentrated. Normally the nutrient water solution is kept at a constant pH of
6 and a Total Dissolved Solid (TDS) content of 1200ppm, but the solution in the
reservoir was at a TDS of 1700ppm. We expect that this happened because water
evaporated out of the system, but left much of the nutrients behind, concentrating the
solution. To prevent against this we would recommend the addition of a TDS meter
and pH sensor to the design, as levels too high or too low of either could harm the
plant.
The current water level sensor in the system is a very simple sensor. It is
comprised of two probes that sense a small voltage that goes from one probe to the
other through the nutrient-water solution. If there is no water then the circuit is not
completed, and it displays an error message. It is a simple sensor that essentially says
“yes” there is water, or “no” when the reservoir is empty. More modern sensors
function in the same way, but utilize strips rather than probes. These would be a better
choice because they can give more accurate readings of the water level and can
display exactly how much is in the reservoir after it is calibrated.
In the current design the fan location was already an improvement from the
initial design. Currently, since the atomizing disk works very well, there is some fine
nutrient mist that makes its way to the fan when the system is running. Although it
wasn’t an issue, ideally we don’t want any of the nutrients to get onto the fan to protect
from nutrient build up and electronic shortening. It would be a good idea to redesign
the location or the shelter for the fan. Some ideas we had are to put a netting material
that would allow for air to pass through but collect the small nutrients before they
reach the fan. Another option is to design some louvers that would remain closed and
open up as the fan turns on.
Another recommendation we have is to improve the exhaust outlets for the
ventilation fan. Currently we have 6 small holes that were drilled to act as passageways
for the exhaust air to escape. When the atomizer is on, the air flow is strong enough
that air and a small amount of nutrients escapes through these exhaust ports. Ideally
we wouldn’t want any excess water to escape, just the warm air. So we would like to
recommend that the same additions be added to that of the exhaust ports that we
recommended for the fan as well, either a moisture collecting material or the opening
and closing louvers.
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Appendix A – Already Purchased Components
Already Purchased Components
System Component
Centrifugal Atomizer
Motor
Motor Speed Control
Microprocessor
Humidity Sensor,
Jumper wires,
Thermistor

Name

Price Quantity Manufacturer

Distributor
Online Ebay
Transaction

555 DC Motor

$10.95

1

AC-DC Hobby Transformer

$2.00

1

Tillman

GoodWill
Industries

Arduino Uno And Starter Kit

$59.95

1

Arduino

Sparkfun.com

(1) RHT03 Humidity Sensor,
(1) 10K Thermistor, (10) Male- $19.66
Male Jumper Cables

1

Max Detect

Sparkfun.com

Total

92.56

DC Motor for Atomizer Disks Tests
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Arduino and Starter Kit
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Humidity Sensor, Thermistor, and Jumpers
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Appendix B - Atomizer Testing Cost Breakdown
Components To Be Purchased For Testing
System Component

Name

Price

Quantity

Distributor

Atomizing Disks

Trion 707u Impeller

$33.00

5

Bel-Aire

Shaft Coupler

1/8" to 1/4"

$4.99

1

Karlsson Robotics

D-Shaft

1/4" - D Shaft

$1.29

1

Karlsson Robotics

Diffusing Screen

3/64"x2"x5' ABS Strip

$7.15

1

McMaster-Carr

-

-

McMaster-Carr

Test Motor Mount 3/64"x2"x5' ABS Strip
Total

$178.43

Trion 707u Impeller
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Atomizer Testing 1/8" to 1/4" Coupler
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Atomizer Testing D-Shaft
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Diffusing Screen ABS Strip
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Appendix C – Cost Breakdown for Prototype Components
Final Prototype Componenets
System
Component

Name

Price

Quantity

Manufacturer

Distributor

Hydroponic Pump

Aquatop NP-302

$12.99

1

Aquatop

TruAqua

Water Farm Drip Ring $8.99

1

General
Hydroponics

Rogue Hydro

Marathon Enlobal Fan
$7.95
80mm UC-8EB

1

Enermax

Coolerguys

Hydroponic Ring
Dripper
Cooling Fan

SPDT 12V 5A

$0.59

3

Temperature
Probe

Thermistor 10K

$0.75

4

Sparkfun.com

Nichrome Heating
Coil

Nichrome 60- 28
gauge

$4.00

1

Jacobs Online

Vinyl Tubing 1/2" ID

$2.99

1

Lee's Vinyl
Tubing

Dr. Foster and
Smith

NPN (P2N2222A)

$0.50

3

On
Semiconductor

Sparkfun.com

Electrical Relay

Hydroponic
System tubing
Electrical
Transistors

American Zettler FutureElectronics

Final Prototype Manufactured Components
System
Component

Material

Price

Method of
Fabrication

Distributor

Motor Housing

4"x 24" 6061
Aluminum

$6.69

Machined

McMaster-Carr

3/64"x2"x5' ABS Strip $7.15

Laser Cut

McMaster-Carr

Machined

McMaster-Carr

Diffusing Screen
Fan Duct
Total

4"x 24" 6061
Aluminum

$6.69
$63.72
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Hydroponic Submersible Pump
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Hydroponic Drip Ring
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Cooling Fan
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McMaster-Carr Shopping Cart for Motor Housing and Fan Duct
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Appendix D-Detailed Drawings
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Appendix E-Detailed Supporting Analysis
Atomizer Drop Formation Mode Calculation
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Atomizer Droplet Size Calculation
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Cooling Fan Flow Rate Calculation
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Heat Coil Calculations
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Appendix F- Gantt Chart
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Appendix G-Concept Design Materials
Quality Functional Deployment Graphical Tool
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Aeroponic Concept Sketches

Aeroponic
Atomizers

High Pressure Water
Nozzle

Using a high pressure
pump water is moved
through tubing and
out an atomizing
nozzle which
atomizes the water
through increased
turbulence and a
rapid constrictionthus increasing
velocity. This concept
was used as the
standard or datum
concept due to its
common use in
current systems.

High Pressure Air
Nozzle/Venturi

Using a high pressure
air compressor air is
moved through
tubing and into a
Venturi nozzle. At the
constriction point a
much smaller water
line is attached. The
constriction increases
the velocity of the air
flow and according
the Bernoulli's
equation a favorably
pressure gradient is
developed that pulls
water into the flow.

Centrifugal

The nozzle is circular
with multiple outlets
and a single inlet in
the center. Water is
introduced into the
middle of the nozzle
and centrifugal forces
accelerate the water
out of the side exits.
Drop size is inversely
proportional to speed
and is controllable.
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Aeroponic Atomizers

Ultrasonic Oscillator

A circuit element called
a crystal oscillator is
used to transmit 1.6
MHz frequency to a
transducer membrane.
When exposed to water
the transducer vibrates
the water and the effect
is atomized water of
extremely small drop
size (~5 microns).

Hammer Splash

Pistons used to
acceleration specially
shaped plates toward
each other. When
coming together the
water is propelled at a
velocity high enough for
atomization.

Squish Bladder

A bladder with monodirectional valves at the
inlet and outlet is
squeezed; water is
propelled at a velocity
high enough for
atomization.
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Hydroponic Back-up Concept Sketches
Hydroponic System

Lower plant/raise
reservoir

The plant is lowered until the
roots are submerged, or the
reservoir is raised for the same
effect.

Spin Wheel

A motored disk has fins along
the circumference that splash
water up toward the roots.

Motorized water gun

A toothed motor drives a
piston-cylinder setup akin to a
spray bottle.

Conveyor belt

A motored belt system that
raises water cups out of the
reservoir and dumps them at
the top of the root zone.
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Hydroponic
System

Raising sponge stick

A sponge is raised
into contact with the
roots, with the other
end still in contact
with the water
reservoir. Water is
transported from the
reservoir up into
physical contact with
the roots.

secondary drip pump

A simple drip
hydroponic system
powered by a small
back-up pump
reserved solely for
this purpose.
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Hydroponic Back-up Pugh Matrix
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Decision Matrices
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Failure Mode Effects Analysis
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Design Verification Plan and Report
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APPENDIX H- Operating Manual
Running the System
1) Before running the system ensure that there is water in the reservoir, if the water level is too low
the system will not start.
a) As long as the water level is above the minimum the system will run normally.
b) DO NOT fill the reservoir up to the bottom of the Motor Base, at least an inch of air below
the Motor Base is required for air-flow.
c) For one gallon of reservoir water fill to the bottom of the fan duct.
2) Plug in both the Arduino power cord (12V, 1A AC adapter) and the relay power cord (three
prong, grounded). The system will begin running automatically on the preset watering cycle.

Displaying Temperature Values
Because there is no display on the system itself, the system needs to plugged into computer/
laptop with the Arduino code running to read the sensor values.
1) Open up the Arduino IDE program via the USB drive provided.
2) Connect the computer to the Arduino Uno board via the USB cable.
3) Open up the serial monitor (the magnifying glass icon) located in the upper right hand corner of
the sketchpad
a) Note-Opening the serial monitor will reset the code and return to the beginning of the
watering cycle.
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4) To display sensor values, simply push the small black button located on the breadboard next to
the Arduino UNO board. When the button is pushed, the sensor values will appear in the serial
monitor.
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5) When you are finished simply disconnect USB and close the arduino program, the system will
continue to function normally.

Disassembly for Access To Reservoir and Atomizing System

1) Remove root zone housing by raising vertically.
a) To replace, lower root zone housing starting with the corner that has the ventilation fan
hood
2) Lift the motor base (platform that atomizer system is attached to) from the edge opposite the
electronics bay, raise a few inches, and slide the motor’s power cord out of the slot in the motor
base. Return motor base to original position.
3) Lift Atomizing System and remove, rest the Atomizing System on the motor mount with the
impeller pointing up. For Atomizing System disassembly see below.
4) Remove the Motor Base.

Atomizer System Disassembly

1) Remove the Archimedes Screw— a flat head screw driver or other small prying device may be
necessary if an excess of mineral deposits are present.
2) Remove the Atomizing Impeller by loosening the set screw (1/16” allen wrench), located on the
impeller tube near the impeller blades, and pull away from system.
a) Depending on the intensity of mineral deposits this may be difficult to do and care should
be taken to not pull on the motor cover as it is secured by silicon only. Instead a long skinny
rod, such as a flat head screw driver can be used to press down on the motors shaft while
pulling up on the impeller. This shaft can be accessed from the impeller tube assuming the
Archimedes Screw has been removed.
3) When cleaning the Impeller be sure to focus on the six holes distributed radially around the
motor shaft hole.
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